Context: There is substantial information that premenstrual dysphoric disorder (PMDD) is a clinically significant disorder with biological underpinnings that differ from other psychiatric disorders. However, data regarding the symptoms noted in DSM-IV and timing of their expression in the menstrual cycle have had little empirical support.
T

HERE IS SUBSTANTIAL INFOR-
mation from biological investigations that premenstrual dysphoric disorder (PMDD) is a clinically significant psychiatric disorder with unique biological underpinnings. 1 The condition is responsive to treatments that are useful for other mood and anxiety disorders 2, 3 and also to unique, hormonal treatments. [4] [5] [6] Previous iterations of the DSM outlined draft criteria for PMDD that included proposed symptoms as well as the stipulation that prospective daily ratings should be used to confirm a retrospective report of PMDD. In work commissioned by the American Psychiatric Association to inform DSM-IV, 7 consultants reanalyzed a large clinical cohort of women who endorsed PMDD and completed daily ratings. 8 The report explored the optimal method for defining a meaningful change between the follicular and luteal phases of the menstrual cycle and identified mood, behavioral, and physical symptoms commonly endorsed by women with PMDD. The results were notable in that they established the salience of a number of symptoms and showed that women could be symptomatic during the premenstrual phase of the cycle independent of another psychiatric condition.
However, the work was limited in several ways. First, the large data set analyzed was not from a community cohort but from women who were provisionally determined to have a premenstrual disorder. Moreover, the cohort was built on the assumption that symptoms occur premenstrually and offset at the start of menstruation. However, work published by several groups [9] [10] [11] suggests that perimenstrual symptoms peak on the day before or the first day of menses and often linger several days into the follicular phase of the menstrual cycle rather than cease as soon as the menstrual period begins.
Second, the analyses found that a number of symptoms were expressed in the premenstrual phase, but they did not address the minimum number of symptoms that should be required for a premenstrual disorder diagnosis. This is important because some research finds that functional impairment can occur in women who have fewer than the 5 symptoms stipulated by DSM-IV. 12 In recognition of this and in preparation for DSM-5, the American Psychiatric Association commissioned a secondary analysis of 2 data sets to study the symptoms associated with the PMDD diagnosis, determine the timing of perimenstrual symptoms, and estimate the number of symptoms associated with distress or functional impairment.
This study reanalyzes data from 2 cohorts: a large community cohort of women who were recruited blind of a perceived diagnosis of PMDD 13 and a cohort of women who retrospectively reported PMDD and prospectively monitored symptoms for at least 1 but ideally 2 menstrual cycles. The community cohort is notable because the women who participated were not identified as treatment seeking, were representative of their Midwestern geographic area, and kept daily ratings of symptoms for at least 2 menstrual cycles. The treatment-seeking cohort was notable for the large number of perimenstrually symptomatic women who also kept up to 2 cycles of daily ratings.
For this work, we had an initial hypothesis that menstrual-related symptoms would not be limited to the premenstrual period but would continue into the menstrual period (hypothesis 1). We further postulated that symptoms previously associated with PMDD would show the greatest change and severity from the perimenstrual to the postmenstrual phase of the cycle (hypothesis 2). We did not have an a priori hypothesis about the number of symptoms that should be required for DSM-5, but since DSM-IV did not empirically evaluate this, we explored the optimal number of symptoms that would be associated with symptom expression and functional impairment.
METHODS
We conducted post hoc analyses in the 2 data sets and did not limit our analyses to females who met DSM-IV criteria for PMDD because that would have been circular. Institutional review boards at Rush University Medical Center and Yale University School of Medicine approved the studies. All respondents gave written informed consent and rated symptoms on a 6-point scale ranging from not at all to extreme.
DATA SETS
The community data set was from an area probability sample of 864 females with no missing data (mean age, 31.8 years) not identified via treatment-seeking behavior who lived in urban (Chicago) or rural (DeKalb County) Illinois. Participants completed daily ratings of 50 items (see Table 1 for all negative symptom items), including all symptoms listed for PMDD in DSM-IV, and questions regarding impairment. The interview provided demographic data to weight the sample, including whether the respondent was Hispanic or Latina. A second question was whether she would describe herself as American Indian or Alaskan native; Asian; native Hawaiian or Pacific Islander; black or African American; white; more than 1 race; or other. Participants were paid $80 for 2 complete menstrual cycles of data.
The clinical data set included 193 women who responded to an advertisement for those with PMDD or severe premenstrual syndrome who were interested in participating in a National Institute of Mental Health-funded clinical trial that took place in New York, Connecticut, and Virginia. The advertisement did not stipulate number of symptoms. Respondents retrospectively endorsed problems with PMDD and went on to prospectively rate symptoms ( Table 2) for typically 1 to 2 complete menstrual cycles to assess eligibility for participation. Potentially qualifying (nontreatment) cycles were used for this analysis. Symptoms were collected via the Daily Rating of Severity of Problems, which includes all DSM-IV symptoms of PMDD as well as other symptoms. Seven additional symptoms (eg, diarrhea, dreams, ringing in ears) were monitored to assess withdrawal in later treatment phases of the clinical study. Demographic data also were available.
STATISTICAL ANALYSIS
Statistical analyses were performed under the direction of a biostatistician (S.F.). Because our charge was to evaluate the current diagnostic criteria for PMDD taking into consideration the previous work done by the DSM-IV Work Group, we began with an exploration of what would constitute a menstrual-related symptom. In accord with the DSM-IV Work Group, we adapted the effect size method as illustrated by Hurt et al, 8 which could measure the change between the postmenstrual and perimenstrual periods, yet retain a measure of background variability across the menstrual cycle. Hence, for each symptom, we computed an effect size as follows. We subtracted the postmenstrual follicular score (average ratings on days 7-12 after menses) from the perimenstrual score (average ratings during various 6-day intervals near menses) and divided the difference by the standard deviation of ratings during the entire cycle.
To test hypothesis 1 and identify the maximum follicular to perimenstrual phase change, we computed change scores using different permutations of the frame for perimenstrual symptoms. Specifically, we calculated effect sizes for various perimenstrual intervals: 6 days through 1 day before the onset of menses (days −6 through −1), 5 days before through the first day of menses (days −5 through 1), days −4 through 2, and days −3 through 3. To further assess the optimal time frame for perimenstrual symptoms, we tabulated functional impairment scores (eg, symptom effects on productivity and on relationships) during various days of the cycle to determine when functioning was most impaired. These items also were computed as effect sizes relative to follicular scores. For women with multiple cycles, cycles were averaged for this and other subsequent analyses.
To test hypothesis 2, the perimenstrual interval was days −4 through 2. A symptom was considered present if the effect size was 1.0 or greater.
To explore the optimal number of symptoms associated with distress and impairment for a premenstrual condition, symptoms were grouped into the following 11 DSM-IV categories: depressed mood, anxiety, mood swings/rejection, irritability/ anger, interest, concentration, lethargy, appetite, sleep, overwhelmed/out of control, and physical symptoms. Each of the 11 symptom groups (eg, sleep) was considered present if any of the constituent symptoms (eg, difficulty sleeping, slept more) had an effect size of 1.0 or greater. There were some symp-
WWW.ARCHGENPSYCHIATRY.COM 301 toms (eg, chills) that we did not use. Criterion A of DSM-IV stipulates that at least 1 symptom must be a mood symptom (markedly depressed mood, feelings of hopelessness, or selfdeprecating thoughts; marked anxiety, tension, feeling "keyed up," or feeling "on edge"; marked affective lability; persistent and marked anger or irritability or increased interpersonal conflicts). Thus, if any of the first 4 symptoms in criterion A was present, then the number of PMDD symptoms was defined as the total across the 11 items. If none of the first 4 symptoms was present, then the number of PMDD symptoms was defined as 0 because the subject could not have functional impairment due to PMDD.
A woman was considered to have functional impairment if symptoms interfered with her ability to get things done at home, c Effect size measures the increase in symptom endorsement during the perimenstrual interval compared with a nonmenstrual interval adjusted for the standard deviation of symptom endorsement during the entire cycle. The interval (−6, −1) indicates 6 days before through 1 day before menses; (−5, 1), 5 days before through the first day of menses; (−4, 2), 4 days before through the first 2 days of menses; and (−3, 3), 3 days before through the first 3 days of menses.
school, or work, with hobbies or social activities, or with her relationships with others. Impairment was considered present if any of the effect sizes was 1.0 or greater.
Cross-tabulations between the number of PMDD symptoms and functional impairment were generated and analyzed for the clinical sample, the community sample, and a combined sample with both samples weighted equally.
For each of the samples, sensitivity and specificity were computed corresponding to each potential cutoff point in the number of PMDD symptoms as a predictor of functional impairment. A suggested method for determination of the optimal cutoff point is to find the point with the maximum sum of sensitivity and specificity, or equivalently the maximum of Youden J statistic (sensitivity ϩ specificity − 1). 14 Hosmer and Lemeshow 15 suggest plotting sensitivity and specificity on the same graph and using the point where the curves cross as the optimal cutoff point, which tends to be consistent with using the Youden J statistic. Receiver operating characteristic curves were calculated as an overall measure of association between the number of PMDD symptoms and functional impairment.
RESULTS
Of the weighted community sample, 15.2% were Hispanic regardless of race, 65.2% were white, 14.3% were black, and 5.3% were other. The median education was some college or technical school. Of those reporting employment status, 69.1% were employed, 16.4% were students regardless of employment, 8.7% were homemakers, and 2.3% were unemployed. The mean household income was $30 000 to $39 999.
Of the clinical sample, 33.3% were in their 20s, 37.1% were in their 30s, and 29.6% were in their 40s; 12.6% were Hispanic, 65.2% were white, 17.4% were black, and 4.7% were other. For marital status, 46.0% were married or living together and 53.0% were single, divorced, or separated.
Mean effect sizes by PMDD symptom or functioning measure and perimenstrual interval in the community and clinical samples are presented in Table 1 and Table 2 , respectively. Visual inspection of the community data (Table 1) indicates that, consistent with hypothesis 1, symptoms most often occurred 3 days before the onset of menses through the first 3 days into the menstrual period. In the clinical sample (Table 2) , symptoms most often occurred 4 days before the onset of menses through the first 2 days of the menstrual period. Severe symptoms occurred in tandem with functional impairment in both samples. To assess hypothesis 2, symptoms in Table 1 and  Table 2 were ranked in descending order of change and severity for the 4 days prior to and first 2 days of menses. Physical symptoms (eg, bloating, breast tenderness) showed the greatest change in both samples regardless of the perimenstrual interval. It is especially apparent from Table 2 that symptoms previously associated with PMDD (eg, mood swings and irritability vs diarrhea and sweating) show the greatest change and severity from the perimenstrual phase to the postmenstrual phase of the cycle. Of note, the most common affective symptom was mood swings. Affective lability, irritability, and feeling anxious/tense/on edge were more frequent than depressed mood in both samples.
Results of the exploration of the number of symptoms as related to impairment are presented in Table 3 . The optimal cutoff point for the number of symptoms is chosen to maximize the sum of sensitivity and specificity for prediction of impairment. The optimal number of symptoms associated with impairment in the community cohort was 2, while in the clinical cohort it was 7. After combining the 2 cohorts and weighting them equally, the optimal cutoff point was 4 symptoms.
COMMENT
We examined data from a community sample and a clinical cohort to generate empirical evidence that would inform the DSM-5 sub-Work Group regarding criteria for PMDD. Hypothesis 1 was supported by both samples in that the peak of symptoms included premenstrual and menstrual days, although the frame differed by 1 day in the respective cohorts. These findings held for physical symptoms, affective symptoms, and functional impairment. Our results are in accord with findings from a large health maintenance organization population, 9 where women showed a peak of symptom severity either the day before or the first day of menses. Interestingly, women with the most severe symptoms were most likely to reach a zenith the day before menses, while women with less severe symptoms had the worst symptoms on the first day of menses. If women in our clinical cohort have more severe symptoms than those in the community, which is a reasonable assumption, our results would have great consistency with this prior study. Notably, the criteria for PMDD outlined in DSM-IV accommodate this interval because DSM-IV stipulates that symptoms occur in the "last week of the luteal phase and remit within a few days of the onset of the follicular phase." 7 The implication of this analysis is that clinicians and researchers may consider the measurement of symptoms from 4 days before through the first 3 days of menses rather than the traditional method of measuring symptoms of PMDD during the premenstrual week only.
We also found that our second hypothesis, that DSM-IV includes symptoms highly associated with a premenstrual disorder, was supported. Regardless of the data set and perimenstrual interval selected, the symptom of mood swings was among the most severe of the 4 affective symptoms listed in DSM-IV, 1 of which is required for a diagnosis of PMDD. Depressed mood was the least severe in this group. This introduces the possibility of listing mood swings first among the symptom criteria rather than depressed mood, because the latter implies that depressed mood is the most common symptom of the disorder. However, our study did not determine whether mood swings are a symptom specifically associated with PMDD or a symptom more commonly experienced by women in general when they are premenstrual. If future analyses are able to confirm that this symptom is highly associated with PMDD, it may warrant higher listing among the possible symptoms. It should be noted, however, that breast tenderness and bloating were highly related to the menstrual cycle in both cohorts. Given that the DSM focus is on emotional conditions, the Work Group may prefer to not indicate this as the first symptom in the criteria list.
In our exploration of the optimal number of symptoms that reflect functional impairment, results differed greatly according to the cohort. An optimal cutoff of 2 was found for the community cohort, while a cutoff of 7 was suggested for the clinical cohort. Differences in the characteristics of subjects likely contributed to this in that the women in the clinical cohort were treatment seeking and were more likely to have had severe symptoms. Our method of choosing an optimal cutoff point for the number of symptoms places equal consideration on sensitivity and specificity. Sensitivity, the probability of symptoms above the cutoff given impairment, is very low at higher scores in the community sample because there are few women in this sample with many symptoms. In the clinical sample, however, there are more symptoms generally and more symptoms in the impaired group, so sen- sitivity remains strong at higher cutoff points. Specificity, the probability of staying below the cutoff in patients without impairment, is sufficiently high for low cutoff points in the epidemiologic sample because of low numbers of symptoms in the group without impairment. The clinical sample has more symptoms in the group without impairment, and a higher cutoff is required to achieve high specificity. We think that weighing these 2 estimates equally is a compromise suitable for future use with a wider group of patients who may be less symptomatic than our clinical sample but more symptomatic than the overall population. Our best estimate after combining the 2 cohorts was an optimal cutoff of 4 symptoms.
The American College of Obstetricians and Gynecologists definition of premenstrual syndrome requires only 1 symptom that is present within 5 days of the onset of menses and ends within 4 days of the menstrual flow, causes functional impairment, and is documented in 3 menstrual cycles. This definition may be more in line with what we found in our community sample. This issue requires greater exploration because if the DSM-IV requirement for 5 symptoms is retained, many women may not be diagnosed as having PMDD if they have 3 or 4 symptoms perimenstrually, even if they have impairment.
Our analyses have several limitations that should be considered. The most obvious is that the 2 cohorts used in this secondary analysis are different in a variety of ways. While we did not combine them when we tested hypotheses 1 and 2, we did for our exploratory analysis. A second consideration is that we used a statistical parameter, the effect size, to derive what we would consider a meaningful symptom. However, symptoms are subjective and this parameter, in particular the cutoff of 1, may not reflect a clinically significant difference. On the other hand, the fact that the application of an effect size of 1.0 for symptoms correlated with an effect size of 1.0 for functional impairment suggests that this cutoff is reasonable. Finally, our exploration of perimenstrual dates meant that we needed data from the first few days of a third menstrual cycle for subjects and we only had 1 or 2 cycles that included the first few days of menses for some subjects. Thus, we did not require that changes be shown across several menstrual cycles, which would have been a very rigorous test of PMDD criteria and is stipulated by DSM-IV. The need for 2 or more menstrual cycles to further validate the criteria for PMDD should be assessed in future work. 
